ABSTRACT
INTRODUCTION O
VER THE PAST SEVERAL DECADES, we have gained extensive knowledge about the devastating health consequences of cigarette smoking, underscoring the importance of identifying relapse predictors and implementing strategies to increase smoking cessation success rates. For numerous reasons, this is particularly important for women. For example, from 1990 to 2003, the num-ber of new lung cancer cases in women in the United States increased by 600%, while the number of new lung cancer cases in men remained the same (Women and Lung Cancer: www.plwc.org). Smoking is the primary cause of this increase, causing 27,000 more female fatalities per year than breast cancer. 1 Further, the Surgeon General's Women and Smoking report (2001) concluded that other serious health consequences directly related to smoking are greater in women, partly due to the detrimental effects of smoking on unborn children. 1 One factor that may affect smoking cessation success is the menstrual cycle (MC) phase at the start of treatment. It has been proposed, but not systematically examined, that women who begin treatment in the luteal or premenstrual phase will do poorly in treatment compared with women who begin treatment in the follicular or preovulatory phase.
An estimated 70%-85% of women experience symptoms of premenstrual syndrome (PMS) or premenstrual dysphoric disorder (PMDD) at some point during their reproductive years. [2] [3] [4] Symptoms are most prominent after ovulation and may vary in severity throughout the premenstrual phase and the first few days of menstruation. 2 PMS is characterized by both emotional and physical symptoms, such as anxiety, impulsivity, depression, irritability, bloating, and headaches, whereas PMDD comprises mainly emotional symptoms that are similar to but more severe than those of PMS. 3, 4 Although the data are sparse and inconsistent, the effects of MC phase on female smoking behavior have been examined previously. It has been shown that women in the luteal phase of their cycle smoke more [5] [6] [7] and experience higher craving for cigarettes. 8 We observed that premenstrual women report more intense craving after exposure to smoking-related stimuli (e.g., videos) than women in their preovulatory phase. 9 Some studies have reported that women smoke more cigarettes per day during the luteal phase of the cycle, 6, 7 although not all studies report this. 10, 11 Further, abstaining from smoking during the premenstrual phase appears to increase the discomfort associated with quitting compared with abstaining in other phases. 5, 8, [12] [13] [14] [15] [16] As many premenstrual symptoms are symptoms that also characterize cigarette/nicotine withdrawal, 17 however, attributing symptoms to one syndrome or the other in past studies has proved unproductive.
Findings demonstrate that several aspects of addictive behavior and its underlying physiology differ between men and women. [18] [19] [20] [21] The MC, which is controlled by hormonal fluctuations, importantly affects female behavior and may lie at the core of these differences. The present study is based on the hypothesis that women who begin smoking cessation treatment during the luteal phase will have greater difficulty achieving or maintaining abstinence than women beginning in the follicular phase. This study is fundamental to determine whether or not MC phase is a potential determinant of relapse vulnerability. Thus, we grouped subjects participating in a nicotine replacement therapy (NRT) study by sex and then in women by MC phase. End points used were smoking status on day 3 of treatment and at 1 week after treatment.
MATERIALS AND METHODS

Subjects
For this study, 102 smokers were selected from 208 subjects participating in an NRT plus behavioral treatment smoking cessation study at The University of Pennsylvania Treatment Research Center. All subjects received the same NRT regimen and differing levels of behavioral intervention. Clinical findings on the effectiveness of the behavioral treatment have been reported elsewhere. 22, 23 Subjects were recruited through a variety of sources, including university campus notices, community posters, local newspaper advertisements, and word of mouth.
Exclusion criteria for NRT study. Primary exclusion criteria for the NRT study were as follows: medical or other conditions contraindicating transdermal nicotine use, psychosis or other current severe mental disorders, and cognitive dysfunction and nonnicotine drug or alcohol abuse during the previous 6 months. Pregnancy status was confirmed by human chorionic gonadotropin-␤ subunit (hCG-␤ subunit) blood testing. Psychiatric health and drug dependence were assessed using the Structured Clinical Interview for DSM IV and the Addiction Severity Index Interview. 24, 25 Written consent was obtained from each participant prior to initiation of study procedures. The Institutional Review Board of the University of Pennsylvania approved the study.
Study-specific exclusion criteria. To effectively examine the effects of MC phase on smoking status, it was necessary to further restrict the eligibility requirements of the primary NRT study. Only subjects between the ages of 18 and 47 were included to minimize the possible confound introduced by perimenopausal women and to equate average age among the three groups. Further, women were excluded if they were taking hormonal preparations (including birth control pills), had an average cycle length outside the range of 26-30 days, or were currently experiencing MC difficulties. The additional criteria created three groups consisting of 65 men, 16 women who began treatment in the follicular phase (FFs), and 21 women beginning treatment in the luteal phase (LFs). The 102 subjects who met all study criteria averaged 35.6 years of age (SD ϭ 7.8), smoked on average 26.5 (SD ϭ 9.8) cigarettes per day, and smoked for an average of 18.0 years (SD ϭ 7.8). Subjects were 72% white, 22% black, 4% Asian, 1% Hispanic, and 1% other. Subjects had an average of 15.1 years of education (SD ϭ 3.1).
Data used to identify the two major phases of the MC were collected during the physical examination. Information obtained included self-reported MC length, regularity and characteristics of cycle, method of birth control, and the date of the first day of the last menses. Women were divided into two groups, FF and LF. The follicular phase (preovulatory) was defined as a 14-day period beginning on the first day of menses. The luteal phase (premenstrual) was defined as beginning on the 15th day after the 1st day of menses and ending on the 30th day. 26 
Assessments
Subjects' sociodemographic and smoking characteristics were obtained from a center-developed smoking history questionnaire. Self-reported smoking status at day 3 (i.e., 3 days after the quit date and prior to behavioral treatment) and at week 9 (i.e., 1 week posttreatment) were used as end points. Because subjects were being administered transdermal nicotine replacement, urine cotinine levels were not used as an indicator of smoking status at day 3. Cotinines were used to verify selfreported smoking status at week 9 after the nicotine absorbed through the patch was eliminated from the body. Cotinines were measured by gas chromatography/mass spectrometry (GC/MS).
RESULTS
One-way ANOVAS did not show differences among FFs, LFs, and men in age, education, number of cigarettes smoked per day, number of years smoking, or nicotine dependence as measured by The Fagerström Tolerance/Dependence Questionnaire. 27 Chi-square analyses showed no differences between groups in race ( Table 1) . As chisquare analysis indicated no significant effect of one of three levels of behavioral intervention (low, medium, or high) on point prevalence abstinence at week 9, behavioral treatment conditions were collapsed for all the remaining analyses. Missing data (resulting from missed appointments) were conservatively treated as nonabstinent.
Self-reported smoking status was not different between men (n ϭ 65) and women (n ϭ 37) at day 3 or week 9. However, significant differences in smoking status were observed at both time points and over the course of treatment in women beginning treatment in the luteal phase (LF, n ϭ 21) vs. those beginning in the follicular phase (FF, n ϭ 16) (Fig. 1) .
At day 3, 52% of LFs reported smoking compared with 19% of FFs (p ϭ 0.04, OR 4.77, 95% CI 1.04, 21.79) and compared with 25% of men (p ϭ 0.02, OR 3.37, 95% CI 1.21, 9.39). There was no significant difference between FFs and men (p ϭ 0.62, OR 1.42, 95% CI 0.36, 5.60). Generally, LFs were unable to quit or lapsed rapidly, whereas FFs and men were abstinent at day 3.
At week 9, the proportion of LFs who continued to smoke was significantly higher than that 
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DISCUSSION
As expected, the success rate of females in the follicular phase (FFs) of the MC was significantly higher than that of females in the luteal phase (LFs). This difference was observed at the first data collection point, day 3, after all subjects were administered identical NRT medication but prior to the initiation of one of three levels of behavioral intervention. Thus, these results are independent of behavioral treatment intensity. The higher success rate in FFs in comparison to LFs and men persisted 1 week after treatment. In other words, the initial propensity of LFs to lapse/relapse was sustained even as they progressed through other stages of their cycle throughout treatment.
How could MC phase at the start of treatment influence women participant's behavior throughout? As stated, LFs either did not quit or relapsed early in treatment and failed to gain or regain abstinence over the course of treatment. It is conceivable that the combined discomfort of premenstrual and withdrawal symptoms at the time of quitting conferred a dual vulnerability, making initial abstinence more difficult and causing greater negative emotional reactions to their inability to abstain. Thus, LFs' initial lapse early in treatment was perpetuated. The results presented here emphasize the potential importance of MC phase at initial quit attempt in guiding treatment outcome.
A second possibility for the high and early relapse rate in LFs may reflect differences between the groups in cue responsivity. In an earlier reoprt, FFs had less craving to smoking stimuli than LFs, whereas male cue reactivity was not different from that of LFs. 9 As these are the first studies to examine MC phase effects on smoking behavior that included a male control group, additional studies are necessary to determine if the effect is related to cue reactivity itself or to the effect of MC phase on cue reactivity.
As this is a retrospective study, it has its limitations. In this study, women were not stratified by MC phase at quit date, which could cause a selection bias. Although a possible caveat, the decision to quit may have been made when women were in a different phase from the one occurring at the quit date, as the screening process leading up to quit date varied from 2 days to 2 weeks across women. Regardless, the possibility of selection bias encourages future study wherein women are stratified according to MC phase. Another limitation to this study is the small sample size. Half the women participating in the original NRT study did not meet criteria to study MC phase, as many were close to menopause, using birth control methods, or had irregular menses. Future larger studies are necessary before firm conclusions on the role of MC phase in smoking cessation can be drawn. A third possible limitation is the slightly higher dependence scores and years smoking in the LFs compared with the FFs. However, as there were no significant differences in years smoking, cigarettes per day, or dependence (as measured by the FTND) between the groups, it is unlikely that these differences affected the results of this study.
MC phase was determined from the subject's self-report of the first day of the last menses. Physiological measurements of phase determina-FRANKLIN ET AL. 290   FIG. 1 . Smoking status at day 3 and week 9. At day 3 (hatched bars), 19% of follicular women (FF) and 52% of luteal women (LF) were smoking (p Ͻ 0.04). At week 9 (black bars), 31% of FF and 71% of LF were smoking (p Ͻ 0.02). Males subjects, included as a comparison group, were smoking 25% and 68% at day 3 and week 9, respectively.
tion, considered by some as the paradigmatic tests of reliability, were not obtained in the original study. However, the only published study directly comparing several physiological measures with self-report found that none of them, including the gold standard of phase determination, anatomical definition by transvaginal ultrasound, were superior to self-report: "In all subjects, ultrasound confirmed expected cycle phase as predicted by self-report. . . ." 12(p 235) These findings should be taken in the context of the significant health problem of smoking and its effects on women. The reality is that the number of adolescent and adult females who smoke is increasing. Women smokers face increased smoking-related deleterious health consequences compared with men, including increased risk of lung cancer. These factors emphasize the importance of identifying relapse predictors and revealing their underlying mechanisms. Understanding the role of MC phase in psychological and physiological nicotine withdrawal will aid in the development of effective smoking cessation strategies. The preliminary findings reported here warrant the attention of researchers and clinicians alike. Researchers may consider collecting and analyzing prospective data on premenstrual severity and self-reported and physiological determinants of phase. Clinicians may consider arranging quit dates to coincide with the follicular phase, as this approach is without risk and may increase women's chances of successfully quitting smoking.
